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Pigment co mposition containing ATRP polvmerfi ^ ^ ^998 

The present invention relates to a composition containing ATRP polymers and dispersible 
inorganic or organic pigment particles, a process for preparing the composition, a pigment 
dispersion containing ATRP polymers and dispersible inorganic or organic pigment particles 
a process for preparing the pigment dispersion and to the use of the pigment dispersion for ' 
preparing coatings, images, lacquers and others. 

The present invention specifically relates to a pigment composition containing ATRP (Atom 
Transfer Radical Polymerization) polymers characterized by a low polydispersity range pref- 
erably a polydispersity range which is lower than 3. and an enhanced monomer to polymer 
conversion efficiency and predetermined molecular weights and to a pigment dispersion pre- 
pared from the pigment composition. 

Dispersions containing pigments and polymer additives are used in an almost unlimited 
number of different technical applications, e.g. as coating materials, printing inks, for coloring 
plastic materials, including fibers, glasses, or ceramic products, for formulations in cosmet- 
ics, or for the preparation of paint systems, in particular automotive paints and dispersion 
colors. 

The function of polymers in pigment dispersions is manifold. They may act as solubilisers in 
the given dispersing agent, e.g. water or organic solvents. Suitable polymers are also 
needed as stabilizers to prevent precipitation or flocculation. Polymers may also improve the 
gloss of the pigment dispersion or enhance its rtieology. Depending on the type and polarity 
of the dispersing agent, e.g. water, organic solvents or mixtures thereof, polymers of variable 
structure are chosen. In view of ecological requirements, the use of aqueous pigment dis- 
persions is particulariy preferred. 

Group transfer polymerization (GTP) is a method for producing acrylic A-B block copolymers 
of defined structure. With a hydrophilic "B" block (neutralized acid or amine containing poly- 
mers). these polymers are useful for preparing water based pigment dispersions. The hydro- 
phobic "A" blocks (homo- or copolymers of methacrylate monomers) are surface active and 
associate with either pigment or emulsion polymer surfaces, cf. H. J. Spinelli. Progress in 
Organic Coatings 27 (1996), 255-260. 

The GTP method still has several drawbacks. The hydrophilic/hydrophobic "balance" is ob- 
tained by copolymerizing a limited group of specific acrylate and methacrylate monomers. 
Moreover, the polymerization initiators used in this method, such as the silyl ketene acetate 
disclosed in U.S. 4.656.226. e.g. 1-trimethylsilyloxy-1-teobutoxy-2-methylpropene, are highly 



,ea*e and *i= necessKa.es me use o, oa,e.u,„ dHeO and pu*d reac,an«, w..* U.«s 
me use of this methWln industrlaW«c'atfo-nsc~ 

T.e,e,ore, . is de*«e .o e.plcv an improved n.e*od o, po,yn,er>za.on ,or prepanng 
polymers o. defined s,ru=.u,e for use in pigment dispersions. 
..3...,,...sc,osesa...d^.^^^^^^^ 

riit::rr;:rrrs..pr.^^^^^ 

. . lo Q'R'-M O-X In the polymerization process the tree raan.«»i h 
the partial formula R R N-O X^ln th p y ^ cyanoisopro- 

R.R-N-0. and .X are generated. -X .s a 9 groups. The mono- 

py, radical, capable of polymerizing monor^er — ^^^^^^ I, p^erize to 
mer units A are substituted by the init.aior ir 9 o.r"n.O-X initiators 

X Li. ♦..^o- R'R"N-0-A-X (A: polymer block). Specmc nn 
:errdar::erdCcy«os.Lres,sucH^.^ 
rhain molecules. suchias.di^tert^.butylapne« 

l„.oses.cpn..,,....**^^^^^ 
sa.ura.ed.po.ymers sucfv^s styrene o, :(m_e^bWat^^^ 

!rcX,irovldin9W°r«n.ro,,*d.radicafpolym^ 
::!::rLn..een.ound.a..,ym^^^^^^^^^^^ 

^rrrtr::rrd:rrara~ 

The present invention relates to a composition compns,ng 
a) 0.1 - 99.9 % by weigh, of a block copolymer of me fom,ula 



A and B represent polymer blocks which differ in polarity and consist of repeating units of 
ethylenically unsaturated monomers; 

X and y represent numerals greater than zero and define the number of monomer re- 
peating units in polymer blocks A and B; 

X represents a polymer chain terminal group; and 

q represents a numeral greater than zero; and 

b) 0.1 - 99.9 % by weight of dispersible inorganic or organic pigment particles. 

The present invention also relates to a pigment dispersion comprising a dispersed phase 
consisting of 

a) a block copolymer of the formula I, wherein In, A. B. X. x. y, p and q are as defined 
above; and 

b) dispersed pigment particles; 

and a liquid carrier selected from the group consisting of water, organic solvents and mix- 
tures thereof. 

The pigment dispersions are useful for variety of uses, e.g. the preparation of inks or printing 
inks in printing processes, such as flexographic, screen, packaging, security ink, intaglio or 
offset printing, for pre-press stages and for textile printing, for office, home or graphic appli - 
cations, for paper goods, for pens, felt tips, fiber tips, card, wood, (wood) stains, metal, ink- 
ing pads, or inks for impact printing, (with impact-pressure ink ribbons), or for the preparation 
of colorants, for coatings, e.g. paints, for textile decoration and industrial marking, for roller 
coatings or powder coatings or powder coatings or for automotive finishes for high-solids, 
low-solvent, water containing or metallic coating materials or for water-containing formula- 
tions, water-containing paints, or for the preparation of pigment plastics for coatings, fibers, 
platters or mold carriers, or for non-impact printing material, for digital printing, for thermal 
wax transfer printing, for Inkjet printing or for thermal transfer printing, or for the preparation 
of color filters, especially for visible light in the range from 400 to 700 nm, which can be used 
for the production of liquid crystal displays (LCDs) or charge combined devices (CCDs) or for 
the preparation of cosmetics, toners, or polymeric ink particles for the preparation of toners 
for dry copy toners and liquid copy toners, or electrophotographic toners. The toners can be 
prepared in masterbatches and be used in turn in masterbatches for the preparation of col- 
ored plastics. 

The terms and definitions used in the specification of the present invention preferably have 
the following meanings: 



,n .ho context of the description of the present invention, the tem, alkyl compnses methyl 
em end the isonrers of propyi, butyi, pentyl. 

dlcy,. An exampie o. aryi-substituted a,M ,s benzyl. Examples of alkoxy are methoxy^ 
eCJand me isomers o. propoxy and butcxy. Examples o. alRenyl are v,nyl and alM- An 
example of alkylene is ethylene, n-propylene, 1,2- or1 ,3-propylene. 
some examples of cydoalkyl are cyclopropyl, cydobutyl, cydopentyl, cydohexyl, memylci^ 
Znin^openty, and methylcyclohexy,. Examples o, subs«ute cydoalM are 
Xk dimethyl-, trimethyi-, memoxy-, dimethoxy-, trimethoxy-, trmuorome, b,s- 
trifluoromethyl- and tris-trifluoromethyl-substituted cydopentyl and oyclohexyl. 
examples of aryl are phenyl and naphthyl. Examples of arylcxy are phenoxy and naphthy^ 
!l tlmples of substK«.ed aryl are methyl-, dimethyl-, uimemyl-, methoxy-, d-e^moxy-^ 
Ze^r influoromethyl-. bis-trlfluommemyl. or tns-trifluoromethyl-substnuted ^ 

iCe ofaralM is benz^. Examples of sub^tuted aralKyI are methyl- d me hyK tnme- 
C me«-xy-, dlmethoxy-, trlmemoxy., .ri«uorome*yl,, bis.trtfluoromethyl.or .ns., 

trifluoromethyl-substituted benzyl. 

some examples of an allphafie carboxyiic acid are acefc- propionic or bu ^Ic acid. An ex- 

!l,e o a cyc,calipha«ccarboxylic add-is c^^^ 

Tr^ox^ c Id s bLoic acid. An example o. a phosph^^^ 

TbonXld. An example of ,n aliphatic dlcarbox^lc acid is malonyl, maleoy- or .ucanyl. An 
example of an aromatic dicarboxylic acid is phttialoyl. 

The .erm hCerocydoalKyi embraces one or ^»o and hCeroaryl one to .cur heteroatoms, the 
Zms belna sele^ed from Ure ,-oup consis«nfl of nKrogen. sulfur and oxygen. Some 
examples of he.erocydoalkyl are tetrahydrofuryl. pyrrolidinyl, piperazmyl and 
rZdroLnyt. Jme examples of hetercaryl are fu^, thienyl, pyrrolyl, pyn*. and 

pyrimidinyl. 

An example of a monovalent silyl radical is trimethyl'silyi. 
P-nm ponent a) ^ 

,„ a blod< copolymer (I) me group In represent me polymerizaSon initetor .ragmen, o. a 
polymerization initiator: 

[in^X^ (II). 



wherein In, p and q are as defined above, which is capable of initiating polymerization of the 
fragments A and B and subsequently proceeds by a reaction mechanism known under the 
terni ATRP or related methods. A suitable polymerization initiator, which contains a radically 
transferable atom or group .X, is described in \NO 96/30421 and WO 98/01480. A preferred 
radically transferable atom or group .X is -CI or .Br, which is cleaved as a radical from the 
initiator molecule and subsequently replaced after polymerization as a leaving group with a 
N ^ O compound. The index p is 1 if one group -X is present (q = 1) in the polymerization 
initiator (II). The polymerization initiator may also contain more than one groups .X. In this 
case q may be 2 or 3. The polymerization initiator may also be bifunctional. In this case p 
and q may be two. 

A preferred polymerization initiator (II) is selected from the group consisting of C-Cs-alkyl 
halides, Cs-Cs-aralkylhalides. Cz-Cs-haloalkyI esters, arene sulfony! chlorides, haloalkane- 
nitriles, a-haloacrylates and halolactones. 

Specific initiators are selected from the group consisting of a.a'-dichloro. or a,a'-dibromoxy- 
iene, p-toluenesulfonylchloride (PTS). hexakis-(a-chloro- or a-bromomethyl)-benzene. 2- 
chloro- or 2-bromopropionic acid. 2-chloro- or 2-bromoisobutyric acid. 1-phenethyl chloride 
or bromide, methyl or ethyl 2-chloro- or 2-bromopropionate. ethyl-2-bromo- or ethyl-2-chlor- 
oisobutyrate, chloro- or bromoacetonitrile. 2-chloro- or 2-bromopropionitrile, a-bromo-benz- 
acetonitrile and a-bromo-y-butyrolactone (= 2-bromo-dihydro-2(3H)-furanone). 
The term polymer comprises oligomers, cooligomers, polymers or copolymers, such as 
block, multi-block, star, gradient, random, comb, hyperbranched and dendritic copolymers as 
well as graft or copolymers. The block copolymer units A and B contain at least two 
repeating units of polymerizable aliphatic monomers containing one or more olefinic double 
bonds. 

The aliphatic monomer units present in A and B differ in polarity and contain one or more 
olefinic double bonds. The difference in polarity is obtained by copolymerizing polymer 
blocks A and B with different amounts of monomers, which contain hydrophilic functional 
groups present in ionic surfactants such as the carboxylate. sulfoxylate. phosphonate, am- 
monio, alkylated ammonio or hydroxy groups. In a preferred embodiment of the invention the 
content of monomers containing functional groups in each polymer block A or B differs from 
the other polymer block by at least 20 % by weight Particulariy preferred are acrylic A-B 
block copolymers of defined structure prepared by the ATRP method or related methods. 
With a hydrophilic "B" block (neutralized acid or amine containing polymers), the presence of 
these polymer blocks is useful for preparing water based pigment dispersions. The hydro- 



phobic -A" blocks (homo- or copolymers of memacylate mo-,omsrs) are surface active and 
associate with either pigment or emulsion polymer surfaces. 

Both polymer blocks A and B may contain repeating units of polymerizable monomers hav- 
ing one olefinlc double bond. These monomers are selected from the group consisting of 
styrenes, acrolein and acrylic or c,-C,-alkylac.ylic acKl-C,-C„-alkyl esters, 
suitable styrenes may be substituted at the phenyl group by one to three additional substitu- 
ents selected from the group consisting of hydroxy, C-C-alkoxy, e.g. methoxy or ethoxy. 
halogen, e.g. chloro, and C,-C,-alkyl. e.g. methyl or methyl. 

suitable acrylic or C-C.-alkylac^ic acid-C.-C„-alkyl esters are selected frorn me group 
Ls,s«ng oTmethyl, ethyl, n-butyl, isobutyl, tert,-butyl. 2-ethylhexy,, rsobomyl isodecyl, lau- 
,yl myristyl, stearyl, and behenyl methacn,lates and the corresponding acrylates. 
Examples of monomers containing .wo or more double bonds are dlac^la.es of emylene 
glycol propylene glycol, neopen^l glycol, hexamethylene glycol or of bisphenol A, 4,4 .b,s(2- 
aI,yloyoxyethoxy)Kilphenylpropane, trimethyloipropane triacrylate or tetraacrylate. 
,„ a preferred embodiment of the inventton the polymer block B Is more hydrophllk= as c^- 
pared to polymer block A and consists of higher amounts of monomers carrying funcsonal 
grups ™cmers are selectedfrom «.e g^p consisting of ac^lo or C-C.-alkylacyl. 
acid or anhydrides or salts thereof, acrylic or C-C-alkylacryllc acid-mono- or 

:«XalMamlno-C-C,-alkyl esters, ac^ic or C-Caikyfacrylic a*Mroxy-C^.-^M 
esterL acryTc or C-C.-alkylacrylic acid-(C,-C,-alkyl)3Sllyloxy-C.-C.-alkyl esters, acrylrc or C- 
C -alk^lac^lic acid-(C,-C.alkyl),sllyl-CrC.-alkyl esters, acrylic or C,-C.-alkylacry..c 
a;dt,er:cyolyK=.C.-alky, esters, C.-C.,-alkoxylated p^^^^^^^ 
C-C-alkylaaylic ackJ esters, acrylk: or c,-C,-alkylacrylam,des, acryl.c or C-C. alkylacryl 
moncv or -di-C,-C.alkylamides, acrylic or c,-C.-alkylacryl-di-C,-C,-alkylam,no- 
C -C-alkylamldes, acrylic or c,-C..alkylacryl-amln<^0.-C.alkylamides, acrylomtnle, 
memaZnitrtle. 4-amlos.yrene, dl-C.-C-aikylaminostyrene, vinyl substituted heterocydes, 

suKonlc idd and salts, vinylben.oelc acid and salts, vin^formamide and am,dosu. 
fonic acid derivatives. 

specific examples of the above-men^oned functional monomers are acrylic acid or meth- 
acrylic acid, acid anhydrides and salts thereof, e.g. acrylic acid o' methac^ - 
acid-(C,-C,.alkyl)ammonlum salts, acrylic acid or ms«iacryl,c ac,d-(C,-C.-alkyl),NH salts. 
!uch a thl ac^ ic acid or methacryllc acid tetramethylammonlum salt, the tetraethylam- 
monium, trlmethyl-2-hydroxyethyU>mmonium or the trle,hyl-2-hyaroxyethylammon,um sa«. 



the acrylic acid or methacrylic acid trimethy! ammonium salt, the triethylammonium. dimethyl- 
2-hydroxyethylammonium or the dimethyl-2-hydroxyethylammonium salt. 
Specific examples of C^-C^-alkylacrylic acid-mono- or -di-CrC4-alkylamino-C2-C4-alkyl esters 
are acrylic or methacrylic acid-2-monomethylaminoethylester. acrylic or methacrylic acid-2- 
dimethylaminoethylester or the 2-monoethylaminoethyl or 2-diethylaminoethyl esters or the 
acrylic or methacrylic acld-2-tert.-butylaminoethylester. 

Specific examples of acrylic or Ci-C^-alkylacrylic acid-hydroxy-CrC4-alkyl esters are acrylic 
or methacrylic acid-2-hydroxyethylester (HEA, HEMA) or acrylic or methacrylic acid-2-hy- 
droxypropylester (HPA, HPMA). 

Specific examples of the above-mentioned Ci.C4-alkylacrylic acid-heterocyclyl-C2-C4-alkyl 
esters are acrylic or methacrylic acid-2-(N-morpholinyl)-ethyl ester. Acrylic or Ci- 
C4-alkylacrylic acid-silyloxy-C2-C4-alkyI esters are exemplified by acrylic or methacrylic 
acid-2-trimethylsilyloxyethylester (TMS-HEA, TMS-HEMA). Acrylic or C,-C4-alkylacrylic 
acid-(C,-C4-alkyl)3silyl-C2-C4-alkyl esters are exemplified by acrylic or methacrylic acid-2- 
trimethylsilylethylester or acrylic or methacrylic acid-3-trimethylsilyl-n-propylester. 

Ci-C24-Alkoxylated poly-C2-C4-alkylene glycol acrylic or Ci-C4-alkylacrylic acid esters are 
exemplified by acrylates and methacrylates of the formula 

/^^ R 
H3C=< ^ 

^>-0-(-CH-CH2-0);r-R3 

wherein R, and Rj independently of one another represent hydrogen or methyl and R3 rep- 
resents C,-C24-alkyl, such as methyl, ethyl, n- or isopropyl. n-. iso-, or tert.-butyl. n- or 
neopentyl. lauryl. myristyl or stearyl or aryl-C,-C24-alkyl. such as benzyl or phenyl-n-nonyl. 
Ci-C24-alkylaryl or Ci-C24-alkylaryl-C,-C24-alkyl. 

Acrylic or C,-C4-alkylacrylic acid-heterocyclyl-C2-C4-alkyl esters are exemplified by acrylic or 
methacrylic acid-2-(2-pyridyl. -l-imidazolyl. -2-oxo-l-pyn-olidinyl. -4-methylpiperidin-1 -yl, or 
-2-oxo-imida2olidin-1 -yl)-ethyl ester. 

The above-mentioned acrylic or Ci-C4-alkylacrylamides. acrylic or C,-C4-alkylacrylmono- or 
-di-C,-C4-alkylamides. acrylic or C,-C4-alkylacryl-di-Ci-C4-alkylamino-C2-C4-alkylamides and 
acrylic or C,-C4-alkylacryl-amino-C2-C4alkylamides are exemplified by acrylamide, 
methacrylamide. N.N-dimethylacrylamide, N.N-dimethyl(meth)acrylamide. 2-(N.N-dimethy- 
laminoethyO-acrylamid , 2-(N.N-dimethylamlnoethyl)-methacrylamide. 
2-aminoethylacrylamid and 2-aminoethylmethacrylamide. 



.... . ^ i^pMM^^^ - ■ --I^Pi; 

3i:-=i,2i1998.; .t y... . ... ... 



... pxemolified by vinylpyrrolidone. vinylimidazole. vinylcarba- 

sulfonic acid. 

„^,-C.a,Ky,amincs,yrene are exemplified by 4.N,N-<.imemylan,inos.yrene. 
.e.n...V.0P*ee.esc...naS.....^^^^^^ 

and Wcvaikyi- or C3<Vatonyl-dlcarboxync acid anhydrides. 

„ = numeral greater *>an one and defmes .he number of monomer repeaUng 

rr:re::r™---.p.e.erred^-^ 

,,epresen«zeroor.anumer..gr.^,er..han.eroandd*es^^^^^^^^ 
p aw unte»h B. A pr.e.err**range.*7*.ftom,0.«0«,.9» 

. ,^„m«.-p.efer,ed.moleouteweight;rana^p.blooks-AandS.alrom 

isfromaboutaGQG^tbaS^OOOtm . 
,„3b,ooKcopo,ymer,«*egroupXrepresen.ap.^^^^^ 

„a> group is de,em,ined by .he P"''-;--" as a chain ,em.inai 

halogen, especial^, chlonne or bromine. H*3^" ™^ g„,p3 derived from 

the partial formula 

O-N (Ao). 



wherein 
one 



o Pnt. C CalM and the other represents CC-alkyl or C,-C.-alky. 

B of Ri and Rz represents Ci-U7-aiKy» ariu 
aubs«.u.ed by C-C-alkoxycarbonyl or CC-aiKoxy. or 

. .nd .oge.her »«h .e adiacen. carbon a.om bCh represen. 0.<VcycloalM. 



i 



R3 and R4 are as defined as Rt and R2; 

Ra represents Ci-C4-alkyl, cyano, CrC4-alkoxycarbonyl. Ci-C4-alkanoyloxy, 

Ci-C4-alkanoyloxy-Ci-C4-all<yl, carbamoyl, mono- or di- Ci-C4-alkylcarbamoyl. mono- or 
di-2-hydroxyethylcarbamoyl, amidino, 2-imidazolyl. 1-hydroxy-2-h>droxyme- 
thyl-2-propylcarbamoyl, or 1,1-dihydroxymethyl-2-hydroxycarbamoyl; and 

Rb is as defined as Ra; or 

Ra and Rb together represent a divalent group and fonm a 5-. 6-, 7- or 8-membered aliphatic 
or aromatic heterocyclic group, which may contain 1-3 additional heteroatoms selected 
from the group consisting of nitrogen, oxygen and sulfur. 

A preferred embodiment relates to a group of the formula 



which is substituted in 4-position by one or two substituents. In the partial formula Ai 
Ri. Rz. R3 and R4 represent Ci-C4-alkyl; 
R5. Re. R7 and Re represent hydrogen; and 

one of R9 and Rio independently of the other represents hydrogen or substituents or Rg and 
Rio both represent substituents. 

Representative examples of a group of the fomiula Ai are the groups 




'4 




m 



n 



and 



. 10- 




wherein 
m represents 1 ; 



R represents hydrogen. C,-C,.-alKyl which is unin.enup.ed or in.ern.p.ed by one or more 
oXgen eU, 2^anoe,hy,, benzoyl, glycidyl, or represent a — ien, radical o. an 
Zlt^xyllc -id having 2 to 12 carbon atoms, of a cycioaliphatic carboxylrc acd 
ZZ ^ZlZr^ atoms, o, an .b-unsaturated carboxyiic add having 3 to 5 carbon 
atoms or of an aromatic-carboxyllc add havingT to 15 carbon atoms; 

m represents 2; 

R. represents a divalent radlcaLof an aliphatic dicarbcxylic acid having 2 to 36 carbon atoms; 

n represents 1 ; 

represents C,-C.-alM, C-C^ydo^M. C^.:aralM. C.G.,-alKano„. C^.a,.enoyl o, 

benzoyl; and 

= „.n.s C C .-alkyl 0.-CVcydoalkyi, C,-C.-alkenyl unsubstituted or substituted by a 
Xo r^n"^; tr^ar^ide gLp, glyddyl. or rep^sents a group of Jhe fomruia - 
^H^CM).Z.-CO.Z or -CONH-Z, wherein Z is hydrogen, methyl or phenyl. 

Ano«ier par«cu,arly preferred embodiment relates tc the gro* A,. v*ereln one o, R, and R,o 

represents hydrogen and the other one C,-C.^kanoylamino. 

rnm ponent b) 

suitable dlspersibieorganicpigmen.sare..c.^^^^^^^^^^^^ 

- - r rd i roiinTplgments, .a drinophthalon pig- 

:rdrrp:rr:epoiycyd...en.^^^^^ 

: ~es, antLtles. isovioianthrones, diKetopyrro,opyrr,.e, and carba^oles. e.g. 
oarbazoie violet, pigments, pearlescent flakes and the like. 
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Suitable dispersible inorganic pigments are selected from the group consisting of metallic 
flakes, such aluminum, aluminum oxide, calcium carbonate, silicon oxide and silicates, 
iron(lll)oxide, chromium(lll)oxide, titanium(IV)oxide. 2irconium(IV)oxide. zinc oxide, zinc sul- 
fide, zinc phosphate, mixed metal oxide phosphates, molybdenum sulfide, cadmiumsulfide, 
carbon black or graphite, vanadates, such as bismuth vanadate, chromates, such as 
lead(IV)chromate, and molybdates, such as lead(IV)molybdate, and mixtures, crystal forms 
or modifications thereof, such as aitil, anatas, mica, talcum or kaoline. 

The composition may contain in addition to component a) - polymers - and component b) - 
pigments - conventional binder materials for preparing coating compositions, e.g. paints, 
fillers, and other conventional additives selected from the group consisting of surfactants, 
stabilizers, anti-foaming agents, dyes, plasticizers, thixotropic agents, drying catalysts, 
anti-skinning agents and leveling agents. The composition may also contain conventional 
additives, such as antioxidants, light stabilizers, e.g. UV stabilizers or absorbers, for example 
those of the hydroxyphenylbenzotriazole, hydroxyphenyl-benzophenone. oxalamide or hy^ 
droxyphenyl-s-triazine type, flow control agents, rheology control agents such as fumed 
silica, microgels, screeners, quenchers or absorbers. These additives can be added indi- 
vidually or in mixtures, with or without sterically hindered amines (HALS). 

The composition may contain the above-mentioned polymer component a) in an amount of 
0.1 to 99.9% by weight, preferably 0.1 to 50.0% by weight and particularly preferably 1 .0 to 
30.0% by weight. 

A particularly preferred embodiment of the invention relates to a composition comprising 

a) 0.1 - 99.9% by weight of a block copolymer (I), wherein In, X. p and q are as defined 
above; 

A represents a polymer block consisting of repeating units of acrylic or methacrylic 
acid-C,-C24-alkyl esters; 

B represents a polymer block consisting of repeating units of acrylic or methacrylic 
acid-C,-C24-alkyl esters which are copolymerized with at least 50 % by weight of 
monomers carrying functional groups and wherein the monomers are selected from 
the group consisting of acrylic or methacrylic acid or salts thereof, acrylic or meth- 
acrylic acid-mono- or -di-Ci-C4-alkylamino-C2-C4-alkyl esters, acrylic or methacrylic 
acid-hydroxy-C2-C4-alkyl esters, acrylic or methacrylamide. acrylic or meth- 
acrylic-mono- or -di-CrC4-alkylamides, acrylic or methacryl-amino-C2-C4alkylamides, 
and vinyl substituted heterocycles selected from the group consisting of vinylpyr- 
rolidone, vinylimidazole and vinylcarbazole; 



. and y represem nume,a<s greater than zero and de«ne .he number o. monomer re- 
peating units in A sind B; and 

X represents a polymer chain terminal group; and 
W 0 1 - 99.9 % by weight of dispersible pigment particles.- - 
...erem.o.men.o..e— .esjo^^^^^^^^ 



. , „,„d a are as denned above, and X represents Halogen and a caUlyticallyef. 

Cn* b,nd^.ma.eHa,s*~ o«,sr«o«^^^^^^ 
^epo,yme.za,onprooess..mav*carr.d.u.-,ln.^^^^^ 

ventormlx.ures.,be,eo..,*ddmona,xoso,^^^^^^ 

salts o. fatty acids,,may.:be.added.to*e.reaot,on»^^^ 

.p.as,o«asposslb..mrea^nn^^em^^^^^^^^^^ 



, used suitable sotvenU or mixtures o. solvents are typicaiiy pure al- 
„ organic solvents are --'I' ^'"^ hydrocarbons (benzene, toluene, xylene), 

kanes (t^exane. heptane, octane, .sooctene . hyd 

Halogenatedhydrocarbor.,^^^^^^ 



"'"'ed as a so.en. the reacts mixture can be supp.mented -tb^water-mlsclble 
1, water ,s used as _ „.„ ^„ remain In a homogeneous s^le 

o, hydrophillc cosolvent. The reactKjn m,« «ater-mlsclble cosolvent 

Phase throughout the ^^^X^erl , rictus in proving a sCen. 
n«y be used, as long as the aqueous sow „ , p^. 

rurr:pr:xr:=:-— --'"^ 



may be selected from the group consisting of aliphatic alcohols, glycols, ethers, glycol 
ethers, pyrrolidines. N-alkylpyrrolidinones. N-alkylpyrrolidones. polyethylene glycols, poly^ 
propylene glycols, amides, carboxylic acids and salts thereof, esters, organosulfides, sulfox- 
ides, sulfones, alcohol derivatives, hydroxyether derivatives such as butyl carbitol or eel- 
losolve, amino alcohols, ketones, and the like, as well as derivatives and mixtures thereof. 
Specific examples include methanol, ethanol, propanol, dioxane, ethylene glycol, propylene 
glycol, diethylene glycol, glycerol, dipropylene glycol, tetrahydrofuran, and other water-solu- 
ble or water-miscible materials, and mixtures thereof. When mixtures of water and water- 
soluble or water-miscible organic solvents are selected for the process, the water to cosol- 
vent weight ratio is typically in the range of about 100:0 to about 10:90. 

When monomer mixtures or monomer/oligomer mixtures are used, the calculation of mol% 
is based on an average molecular weight of the mixture. 

Hydrophilic monomers, polymers and copolymers of the present invention can be separated 
from one another or from the polymerization reaction mixture by, for example, distillation, 
precipitation, extraction, changing the pH of the reaction media or by other well known con- 
ventional separation techniques. 

The polymerization temperature may range from about 50°C to about 180°C. preferably from 
about 80°C to about 150°C. At temperatures above about 180°C. the controlled conversion 
of the monomers into polymers may decrease, and undesirable by-products like thermally 
initiated polymers are formed or decomposition of the components may occur. 

The transition metal in the oxidizable transition metal complex catalyst salt used in the proc- 
ess of the invention is present as an oxidizable complex ion in the lower oxidation state of a 
redox system. Preferred examples of such redox systems are selected from the group con- 
sisting of Group V(B), VI(B), Vll(B), VIII. IB and IIB elements, such as CuVCu^*, Cu°/Cu*. 
FeW*. Fe'VFe^, Cr^^Cr^. CoVCo^ Co'VCo^. Ni°/Ni^ Ni*/Ni^\ Ni'*/Ni^, Mn°/Mn^*, 
Mn^*/Mn^, Mn^/Mn** or Zn*/Zn^*. 

The ionic charges are counterbalanced by anionic ligands commonly known in complex 
chemistry of transition metals, such hydride ions (H") or anions derived from inorganic or or- 
ganic acids, examples being halides, e.g. F, CI', Br* or T, fluoro complexes of the type BF4", 
PFe", SbFe* or AsFe*, anions of oxygen acids, alcoholates or acetylides or anions of cy- 
clopentadiene. 

Anions of oxygen acids are, for example, sulfate, phosphate, perchlorate, perbromate, peri- 
odate, antimonate, arsenate, nitrate, carbonate, the anion of a Ci-Cscarboxylic acid, such as 
formate, acetate, propionate, butyrate, benzoate, phenylacetate, mono-, di- or trichloro- or 




h,teullonata trltluoromethylsulfonate (trlflate), unsubsmuted or C ,-C.alM-. C, C.a koxy or 

n T^Idl nuoro-, oh,o«> or bromo-substituted phenylsulfona.a or banzy,su«ona.a, .or 

rxa^p .^^^. mesylate, brosy,a.e. p-memoxy- or p-e.hoxy^ 
K tILe or 2 4 6-.nlsopropylsul.onata, phosphona.es, for exan,ple rnelhylphos- 

'Z^:Z:^^^'--. prop7.Hosphona.e, bu.y,phosphona.e phan,pho^hona.a, 
prlypheny>phosphona.e or benzylphosphona.e, oarboxyla.es denved .rom a 
C C aoid, for example .ora,a.e, aoe.a,e, propiona.e, bu.yra.e. benzoa.e, 

ll^^Z. moho-, d,. or .Hch^ro- or -.luoroaceta.e, and also 0.-C.-a^Ho,a.es. such as 
sullgh. Chain or bached C,-C..a,coho,a,es, e.g. memano,a.e or e*ano.a,e. 

• ,• H. »nd neutral may also be present up to the preterred coordinafion number of 
An,on,c ligands and " "V = J ^^^^^ ^^^^^ 3,, ^„„,ert>a,- 

the complex cation, especially TOUT, live + ^ K\tA*r.rtr r.alkvlVN* 

anced by ca«ons, especially monovalent cations such as Na , K , NH, or (C, C,alKyl)-N 
Suuable neuual ligands are inorganic or organic neuUal ligands '<no»n.n com^^^^^^ 

the group consisting of phosph.nes, e.g. iC6H5)3P. 0 C,yi7)z^, ^ys 9)z v 
1 and hydroxyamines. such as ethy.enediamine. — 
N N Dimethyl-N- N'-bis(2-dimethylaminoethyl)-ethylened.am.ne (Me^TREN). 

Heterocyclic e" dono, Ugands are derived, .or example, .rom unsubstltutedor substituted • 



Cu{l)CI, which is then converted to the complex compound by addition of compounds corre- 
sponding to the ligands present in the complex catalyst, e.g. by addition of ethylenediamine, 
EDTA, MesTREN or PMDETA. 

After completing the polymerizing step process, the polymers obtained may be isolated or 
the N ^ O compound of the formula 



which corresponds to the group Ao and wherein Ri - R4 and Ra and Rb are as defined above, 
is added in-situ. The isolating step of the present process may be carried out by known pro- 
cedures, e.g. by distilling and filtering off unreacted monomer. After completing the substi- 
tution of the polymerisate with the N-»0 compound (III), the catalyst salt is filtered off, fol- 
lowed by evaporation of the solvent or by precipitation of the N->0 polymer (I) in a suitable 
liquid phase, filtering the precipitated polymer and washing and drying. 

The elimination of the leaving group -X, e.g. halogen, and the substitution of the polymeri- 
sate with the N -> O compound (III) is advantageously performed in such a way that the 
polymerisate is dissolved in a solvent and the ^4-^0 compound (III) is added. The reaction 
takes place within a temperature range from room temperature to the boiling temperature of 
the reaction mixture, preferably from room temperature to 100*'C. The transition metal in the 
oxidizable transition metal complex catalyst salt is converted from its lower oxidation state in 
the above-mentioned redox systems to its higher oxidation state. In a preferred embodiment 
of the process a Cu(l) complex catalyst salt Is converted to the corresponding Cu(!l) oxi- 
dation state. 

Because the present polymerization and derivatization with the N->0 compound (III) by 
ATRP is a "living" polymerization, it can be started and terminated practically at will. The 
block copolymers (I) as obtained by the process have a low polydispersity. Preferably the 
polydispersity is from 1.01 to 2.2, more preferably from 1.01 to 1.9, and most preferably from 
1.01 to 1.5. 

The various advantages of the process of this type allowing flexible polymerization reactions 
are described by K.Matyjaszewski in ACS Symp. Sen Vol. 685 (1998), pg. 2-30. 
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The polymers or copolymers can be further processed and used in most cases without any 
further purification step. This is an important advantage when industrial scale-up is intended. 
The pigments are added to the polymer dispersant by using conventional techniques, such 
as high speed mixing, ball milling, sand grinding, attritor grinding or two or three roll milling. 
The resulting pigment dispersion may have a pigment to dispersant binder weight ratio of 
about 0.1 : 1 00 to 1 500 : 1 00. 

The invention also relates to the process for preparing the pigment dispersion, which com- 
prises dispersing in a liquid carrier pigment particles In the presence of a block copolymer of 
the formula I. wherein I, A. B, X, x. y. p and q are as defined above. 
The organic solvents present in the dispersion are mentioned above, cf . process, and pref- 
erably are polar, water-miscible solvents such as CrCalkohols. e.g. methanol, ethanol, or 
isopropanol. or polyols. e.g. glycerol, or ethylene, diethylene, triethylene, triethylene or pro- 
pylene glycol. 

in a preferred embodiment of this process, fine pigment dispersions are prepared by mixing 
the pigments with a solution of the polymers, concentrating the resulting mixture by d.still.ng 
off the solvents, preferably to dryness, and subjecting the resulting concentrate to themnal 
treatment to prepare a mixture comprising pigments and polymers which may then be sub- 
sequently dispersed-in aqueous and/or organic solvents. 

The above-mentioned methods for preparing the composition, such as high speed mixing, 
ball milling, sand grinding, attritor grinding or two or three roll milling may in the alternative 
be employed when preparing the dispersion. 

Likewise of particular interest is a specific embodiment of the above-mentioned process for 
preparing the composition, wherein coating compositions, for example paints, are prepared. 
The invention therefore also relates to compositions, wherein film-forming binders c) for 
coatings are added. 

The novel coating composition preferably comprises 0.01-10 parts by weight of the com- 
bined components a) and b) in the composition, in particular 0.05 - 10 parts, especially 0.1 - 
5 parts, per 100 parts by weight of solid binder c). 

The binder c) can in principle be any binder which is customary in industry, for example 
those described in Ullmann's Encyclopedia of Industrial Chemistry, 5th Edition. Vol. A 18. pp. 
368-426 VCH. Weinheim 1991. Germany. In general, the film-forming binder is based on a 
thermoplastic or them^osetting resin, predominantly on a them^osetting resin. Examples 
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thereof are alkyd, acrylic, polyester, phenolic, melamine, epoxy and polyurethane resins and 
mixtures thereof. 

Component c) can be any cold-curable or hot-curable binder; the addition of a curing catalyst 
may be advantageous. Suitable catalysts which accelerate curing of the binder are de- 
scribed, for example, in Ullmann's, Vol A18, p.469. 

Preference is given to coating compositions in which component c) is a binder comprising a 
functional acrylate resin and a crosslinking agent. Examples of coating compositions con- 
taining specific binders are: 

1 . paints based on cold- or hot-crosslinkable alkyd, acrylate. polyester, epoxy or melamine 
resins or mixtures of such resins, if desired with addition of a curing catalyst; 

2. two-component polyurethane paints based on hydroxyl-containing acrylate. polyester or 
polyether resins and aliphatic or aromatic isocyanates, isocyanurates or polyisocyanates; 

3. one-component polyurethane paints based on blocked isocyanates. isocyanurates or 
polyisocyanates which are deblocked during baking, if desired with addition of a melamine 
resin; 

4. one-component polyurethane paints based on a trisalkoxycarbonyltriazine 
crosslinker and a hydroxyl group containing resin such as acrylate, polyester or 
polyether resins; 

5. one-component polyurethane paints based on aliphatic or aromatic urethanea- 
crylates or polyurethaneacrylates having free amino groups within the urethane 
structure and melamine resins or polyether resins, if necessary with curing cata- 
lyst; 

6. two-component paints based on (poly)ketimines and aliphatic or aromatic isocyanates, 
isocyanurates or polyisocyanates; 

7. two-component paints based on (poly) keti mines and an unsaturated acrylate resin or a 
polyacetoacetate resin or a methacrylamidoglycolate methyl ester; 

8. two-component paints based on carboxyl- or amino-containing polyacrylates and 
polyepoxides; 

9. two-component paints based on acrylate resins containing anhydride groups and on a 
polyhydroxy or polyamino component; 

10. two-component paints based on acrylate-containing anhydrides and polyepoxides; 
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.nt n^mts based on (poly)oxazor.nes and acrylate resins containing anhy- 
rates or polyisocyanates; 

,2 ,„o-comp«nen, pa,n« based on unsaturated po^acn,la,es and poVnna,ona,es; 

,3 ..er^opta* po,yac,y,a,e paints based on thermoplastic acrytate resins or-externaii, 

ZZZ acryl resins in oon.bina.on »i,b etbertfied meiamrne reams, 

,4 pain, systems based on sitoxane-modmed or „uorine-nodi«ed aoryiate reams. 

.n--,o.neoomponen.sme— 

TlT^rne n*X:^pbenyi..H-benz^^^^^^^^^ -ype, - exempts 
(2-hydroxyphenyl)-1 .3.5-tr,az:,ne an» ' g p„^3, exampies for light 

as men,oned in the above .,st ,n sec^ons =.1 an^- 3dded can be 

stabilizers o, the 2<Z-^<'<°^'^'^^-'^-^'^Z^-46199Se eP-A-434608. US-A- 

(2-hYdroxyphenyl)^1.3.5striazinesti» 

are those descrfced in W/mann's, Vol. A18, pp. 429-47.. 
Poss,b,ed^n«ca.a,ystsorouhn..ta,ys.are.,.^^^^^^^ 
amines. am,no.oontainin,re.nsa~ 

such as organotin compounds, 
dioctoate. 
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Examples of amines are, in particular, tertiary amines, for example tributylamine, 
triethanclamine, N-methyldiethanolamine, N-dimethylethanolamine. N-ethylmoipholine, 
N-methylmorpholine or diazabicyclooctane (triethylenediamine) and salts thereof. Further 
examples are quaternary ammonium salts, for example trimethylbenzylammonium chloride. 

Amino-containing resins are simultaneously binder and curing catalyst. Examples thereof are 
amino-containing acrylate copolymers. 

The curing catalyst used can also be a phosphine, for example triphenylphosphine. 

The novel coating compositions can also be radiation-curable coating compositions. In this 
case, the binder essentially comprises monomeric or oligomeric compounds containing eth- 
ylenically unsaturated bonds, which after application are cured by actinic radiation, i.e. con- 
verted into a crosslinked, high molecular weight form. Where the system is UV-curing, it 
generally contains a photoinitiator as well. Corresponding systems are described in the 
above-mentioned publication Ullmann's, Vol. A18, pages 451-453. In radiation-curable coat- 
ing compositions, the novel stabilizers can also be employed without the addition of sterically 
hindered amines. 

The coating compositions according to the invention can be applied to any desired sub- 
strates, for example to metal, wood, plastic or ceramic materials. They are preferably used 
as topcoat in the finishing of automobiles. If the topcoat comprises two layers, of which the 
lower layer is pigmented and the upper layer is not pigmented, the novel coating composition 
can be used for either the upper or the lower layer or for both layers, but preferably for the 
upper layer. 

The novel coating compositions can be applied to the substrates by the customary methods, 
for example by brushing, spraying, pouring, dipping or electrophoresis; see also Ullmann's, 
Vol. A18, pp. 491-500. 

Depending on the binder system, the coatings can be cured at room temperature or by 
heating. The coatings are preferably cured at 50 - ISC'C, and in the case of powder coatings 
or coil coatings even at higher temperatures. 

The coatings obtained in accordance with the invention have excellent resistance to the 
damaging effects of light, oxygen and heat; particular mention should be made of the good 
light stability and weathering resistance of the coatings thus obtained, for example paints. 

The invention therefore also relates to a coating, in particular a paint, which has been stabi- 
lized against the damaging effects of light, oxygen and heat by a content of the compound of 
the formula (I) according to the invention. The paint is preferably a topcoat for automobiles. 
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rr~prising a compound o. .he .o^ula (,) in coa^ng co.npos,„o„. as s.ab,„zers 
against damage by light, oxygen and/or heat. 

The coating compositions can comprise an organic solvent or solvent mixture in which the 
I !, . .olle The coating composition can othenvise be an aqueous solution or 
d'i»:rn rvewc, - 1 be a mixture o, organic solvent and water. The coating 
d,spe,s,on. The veh solvent-free (e,g. a pov^der coating 

composition may be -^^^"'^^'^ ,„ a/mann's, MS. pages 438- 

r:rrr~— ^^^^^^^ 

the powder preferably in water). 

use for underlying coats, however, is also-possible. 

antistatics, blowing agents. 

The following examples illustrate the invention. 

gYamoles 

FYamole 1 

EisBtSionaanmm^^ 

1 . Materials and Methods 

1 1 Preparation of Polymers 
',11 Preparation of poly-n-butylacrylate With terminal Br-groups by theATRPm 

' without the addition of solvent ([M]:[i]:[CuBr]:[L] = 40:1 :0.2:0.2). 
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898.00 g (1000 ml, .0 mol) n-butylacrylate (Fluka. purum) and 5.02 g (35.0 mmol) 
CuBr (Fluka, purified by treatment with acetic acid) are added to a 1500 ml round 
flask equipped with a mechanical stirrer. The air is removed from the flask by stir- 
ring and evacuating and rinsing with nitrogen three times. 6.06 g (7.3 ml, 35 mmol) 
PMDETA (N,N,N',N",N"-pentamethyldiethyltriamine: Fluka/purum) are added 
through the rubber sealing with a syringe. After addition of 29.22 g (19.51 ml, 
175 mmol) methyl-2-bromo-propionate (initiator) with a syringe and heating up to 
SO'-C In the oil bath the exothermal polymerization reaction is started. The tem- 
perature rises quickly to 1 lO^C and is controlled at a level of 100-105»C. The mix- 
ture is polymerized for 75 min. The amount produced is determined by 'H-NMR- 
analysis in CDCI3 (98% after 75 Min.) After cooling to room temperature 800 ml 
ethyl acetate and 300 g neutral aluminum oxide (ALOX for chromatography, Merck) 
are added. After stirring the mixture for 1 h at room temperature, filtration and dry- 
ing in the rotary evaporator at SO'C, additional drying with a vacuum pump the 
polymer is obtained. Elementary analysis: 





C 


H 


Br 


calc. 


64.38 


9.26 


1.59 


found 


64.51 


9.27 


1.23 



Cu: < 10 ppm (X-ray fluorescence): GPC (THF): M„: 4970, Mw: 6270, PDI: 1.26; 
Yield: 845 g (92%). 

1 .1 .2 Preparation of a block copolymer of n-butylacrylate and 2-dimethylaminoethyl 
acrylate with terminal Br-groups by the ATRP method ((M]:[Mll:[CuBr]:IL] = 10:2:1:1; 
Ml: macroinitiator). 

100.00 g poly-n-butylacrylate (1.1.1) and 1.437 g (10.0 mmol) CuBr (Ruka, purified 
by treatment with acetic acid) are added to a 150 ml round flask equipped with a 
mechanical stirrer. The air is removed from the flask by stirring and evacuating and 
rinsing with nitrogen three times. The mixture is stin-ed and 14.37 g (15.35 ml, 
100 mmol) 2-dimethylaminoethyl acrylate (BASF, technical quality) are added 
through the rubber sealing with a syringe. The air is removed again from the flask 
by evacuating and rinsing with nitrogen three times. 1 .74 g (2.1 ml. 10 mmol) 
PMDETA (Fluka/purum) are added with a syringe, and the mixture is made homo- 
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»• • Aft<.r heatlna UP to 80»C in the oil bath the slightly exothermal 
aeneous by stirnng. Atter heating up lo ou . j ^ure 

. ♦ lo etartPd and the temperature nses up to 87 u. i ne mi;^iuio 
'^'TZ ZZZ T e colln ,s W ■H-NMB-an.ys. . 

, ? ^ num oxide (Wox-for chromatography) are added. The polymer ,s ob- 





C 


H 


N 


Br 


calc. 


63.65 


9.25 


1.23 


1.40 


found 


64.37 


8.77 


0.83 


0.59 



1 .33;Yield: 94.62 g (83 %). 



1 1 3 preparation o^ablocKQopo^e.o.*l^lao,yla.e•a^d,^ W 
'•f„h— Br,roups*y.heATRP.,ne.hod-ttMmW^^^^^^^ 

. „..= M-i «and-1.437a(10.0mmol)CuBr:(Fluka,pur«ied 
,00.00 gpo,y--,-bu,yla«ylate^0..l)^-^ 

^ -reatment .^K hy s«rHng and evacuaUng and 

mechanical stirrer. The air is remov«u ^ 1 1 rr n M O 54 ml 

rinsmg «lth nitrogen three .n,^. The ml^re^ 

rr==:=i^^^^^^ 

,Fluka/pun,rn, ^.^ ^ 1H- 

st,rr,ng. After hea«ng uP xo ^^^^ 
NMR-anah,s,s n CDCb, me -n ^ 

room „Lg .or 40 mio. a. room .empera.ura. f,ltra- 

r:^;Tri::apr!.^ 

obtained. 



;:3tr1.2-.t.998- 
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Elementary analysis: 





C 


H 


Br 


calc. 


63.04 


9.02 


1.44 


found 


63.74 


9.25 


0.61 



Cu: < 46 ppm (X-ray fluorescence); GPC (THF): Mni 7000, Mw". 12000, PDI: 1,72; 
Yield: 91.76 g (82%). 

1.2 Experimental 

The performance of the different block copolymers is evaluated in a "concentrated" 
polyester millbase and corresponding coating formulations made therefrom. A poly- 
ester millbase formulation is used to test the rheological behavior at relatively high 
pigment loadings. The millbase-formulation is used to grind and disperse the pig- 
ments. After defined grinding (2 h, Scandex-Mixer) the viscosity of the dispersion is 
measured at different shear rates with a cone plate viscosimeter. Reduction of the 
viscosities is indicative for dispersant efficiency, especially at low shear rates. The 
reference formulation contains no dispersant, but the same weight ratio of pigment 
versus polymer (= binder + dispersant) is maintained in each case. A letdown for- 
mulation (= final lacquer) is prepared from the millbase concentrate and applied to a 
transparent plastic film substrate and cured at high temperature. Gloss measure- 
ments were done on the cured coatings to characterize the dispersion quality of the 
pigment in the finished coating. Improved gloss is indicative for good dispersion of 
the pigment. In each case the reference formulation contains the same ratio of pig- 
ment versus polymer (= polyester + CAB + Melamine-crosslinker + dispersant). The 
following block copolymers were used: 
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Composition 
(wt%)'' 


Polymer 


Initiator 


Molecular 
weight^' 


P(BA-b-DMAEA) 
= 98-12 


1 


MBP 


Mw = 7863 
Mn = 6249 
D= 1 .33 


P(BA-b-HEA) 
= 98-12 


2 


MBP 


Mw= 12552 
Mn = 7632 
D = 1.65 



1' BA = Butylacrylate. DMAEA = Dimethylaminoethyl acrylate, HEA = Hydroxyethyl 



acrylate ^ 

2) molecular weights measured by GPC 



1.3 Results ^ 

As can be seen from the results.with different organic pigments in Tables 1 . 3 and 5 
the millbase formulations containing block copolymers show improved rheology as 
compared to the reference without dispersant. In the final lacquer formulations, the 
block copolymers also show improvements in gloss, cf. Tables 2. 4 and 6. 
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1.3.1 Table 1 

Performance evaluation in a polyester mill base concentrate containing the organic 
pigment IrgazinODPP Rubine FTX 



Millbase Fonmulation Compo- 
nents 


Millbase 1 

Reference 
without Dis- 
persant 


Millbase 2 
with Polymer 
1 


Millbase 3 
with Polymer 
2 


Dynapol® H700-08^' (35%) 


43.43 


34.29 


34.29 


Xylene/Butylacetate (40/60) 


38.44 


44.38 


44.38 


Butylacetate 


2.13 






Polymer 1^ (60% in Butylace- 
tate) 




5.33 




Polymer ^ (60% in Butylace- 
tate) 






5.33 


IRGAZIN DPP Rubine FTX 


16.00 


16.00 


16.00 


Total 


100.00 


100.00 


100.00 


Viscosities (mPas) at: 

1 rad/s 

2 rad/s 
4 rad/s 


57010 
31470 
17670 


41530 
23550 
14050 


39480 
23930 
15240 



DYNAPOL H700-08 = commercial polyester resin 
^ Polymer 1.1.2 
''Polymer 1.1.3 
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1 .3.2 Table 2 

Preparation of a block copolymer of n-butylacrylate and 2-hydroxyethyl Performance 
evaluation in a letdown formulation with the organic pigment Irgazin® DPP Rubine 
FTX 



Letdown Formulation 
Components 


Lacquer 1 


Lacquer 2 


Lacquer 3 


Millbase 


31.25 


31.25 


31.25 


DYNAPOL H7001^' (60%) 


17.27 


17.27 


17.27 


Maprenal® MF 650?l 


2.94 


2.94 


2.94 


CAB Solution^^ (20%) 


26.36 


26.36 


26.36 


Xylene/Butylacetate (40/60) 


22.18 . 


22.18 


22.18 


Total 


100.00 


100.00 


100.00 


% Gloss (at 60°) 


46^ 


60 


48 



DYNAPOL H700-08: commercial polyester resin 

MAPRENAL: melamine hardener 

CAB: cellulose acetate butyrate (type CAB 531.1) 
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1 .3.3 Table 3 

Performance evaluation in a polyester mill base concentrate containing the organic 
pigment lrgazin®DPP Rubine TR: 





Millbase 1 


Millbase 2 


Millbase Formulation Compo- 


Reference 


witn roiymer i 


nents 


without Disper- 
sant 




Dynapol® H700-08 ' (35%) 






Xylene/Butylacetate (40/60) 


53.83 


58.29 


Butylacetate 


1.60 




Polymer 1 (60% in Butylacetate) 




4.00 


Polymer 2 (60% in Butylacetate) 






IRGAZIN DPP Rubine FTX 


12.00 


12.00 


Total 


100.00 


100.00 


Viscosities (mPas) at: 






1 rad/s 


32700 


21070 


2 rad/s 


17380 


11400 


4 rad/s 


10590 


8334 



DYNAPOL H700-08 = commercial polyester resin 
^' Polymer 1.1.2 
^' Polymer 1.1.3 
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1 .3.4 Table 4 

Performance evaluation in a letdown formulation with the organic pigment IRGAZIN 



DPP Rubine TR 



Letdown Formulation 
Components 


Lacquer 1 


Lacquer 2 


Millbase 


41.67 


41.67 


DYNAPOL H700^^ (60%) 


17.27 


17.27 


Maprenal® MF 650^^ 


2.94 


2.94 


CAB Solution^' (20%)* 


26.36 f 


26^36?^. 


Xylene/Butylaqetate (40/6Q)e 


11*^77':^ 


; 11.77v^' 


Total • 


. 100.00,. 


lOOiOOm 


% Gioss'(at.60^)^*^^ 




74 



DYNAPOL H700-08: commercial polyester resin " 

MAPRENAL: melamine hardener 

CAB: cellulose acetate butyrate (type CAB 531.1) 
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1.3.5 Table 5 

Performance evaluation in a polyester mill base concentrate containing the organic 
pigment Chinquasia® Scarlet RT-390-D: 





Millbase 1 


Millbase 2 


Millbase Formulation Compo- 


Reference with- 


with Polymer 1 


nents 


out Dispersant 




Dynapol® H700-08^' (35%) 


54.29 


42.83 


Xylene/Butylacetate (40/60) 


23.04 


30.50 


Butylacetate 


2.67 




Polymer 1 (60% in Butylace- 




6.67 


tate) 






Polymer 2 (60% in Butylace- 






tate) 






IRGAZIN DPP Rubine FTX 


20.00 


20.00 


Total 


100.00 


100.00 


Viscosities (mPas) at: 






1 rad/s 


41670 


15680 


2 rad/s 


24960 


10150 


4 rad/s 


15290 


6105 



DYNAPOL H700-08 = commercial polyester resin 
2^ Polymer 1.1.2 
^'Polymer 1.1 .3 
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1.3.6 Table 6 

Performance evaluation in a letdown formulation with the organic pigment Chinqua- 
sia®Scarlet RT-390-D: 



Letdown Formulation 

r^r* m n n A n t Q 


Lacquer 1 


Lacquer 2 


Millbase 


25.00 


25.00 


DYNAPOL H700^' (60%) 


17.27 


17.27 


Maprenal® MF 6502) 


2.94 


2.94 


CAB Solution^' (20%) 


26.36 


26.36 ' 


Xylene/Butylacetate (40/60). 


28.43 


28.43 


Total 


100.00 


100.00 


% Gloss (at 60°) 


60 


74 



DYNAPOL H700-08: commercial polyester resin 

MAPRENAL: melamine hardener 

CAB: cellulose acetate butyrate (type CAB 531.1) 
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Claims 



1 . A composition comprising 



a) 0.1 - 99.9 % by weiglit of a block copolymer of the formula 



(ln>^-B,^X^ (1), 



wherein: 

In represents a polymerization initiator fragment of a polymerization initiator capable of 
initiating polymerization of ethylenically unsaturated monomers in the presence of a 
catalyst activating controlled radical polymerization; 

p represents a numeral greater than zero and defines the number of initiator frag- 
ments; 

A and B represent polymer blocks which differ in polarity and consist of repeating units 
of ethylenically unsaturated monomers; 

X and y represent numerals greater than zero and define the number of monomer re- 
peating units in polymer blocks A and B; 

X represents a polymer chain terminal group; and 

q represents a numeral greater than zero; and 

b) 0.1 - 99.9 % by weight of dispersible inorganic or organic pigment particles. 

2. A composition according to claim 1, wherein 

In represents the polymerization initiator fragment of a polymerization initiator which is 
selected from the group consisting of Ci-Cs-alkyI halides, Ce-Cis-aralkylhalides. Ca-Ca- 
haloalkyl esters, arene sulfonyl chlorides, haloalkanenitriles, a-haloacrylates and ha- 
lolactones; and 

p represents one. 

3. A composition according to claim 1 , wherein the difference in polarity is obtained by co- 
polymerizing polymer blocks A and B with different amounts of functional monomers. 

4. A composition according to claim 3, wherein the content of functional monomers in each 
polymer block A or B differs from the other polymer block by at least 20 % by weight. 
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5. A composition according to claim 4. wherein the content of functional monomers in poly- 
mer block B is at least 20. % by weight higher as compared to polymer block A. 

6. A composition according to claim 1 , wherein A and B represent polymer blocks containing 
repeating units of polymerizable monomers selected from the group consisting of sty- 
renes, acrolein and acrylic or Ci-C4-alkylacrylic acid-Ci-C24-alkyl esters. 

7. A composition according to claim 1, wherein the polymer blocks B is more hydrophilic as 
compared to polymer block A and consists of higher amounts of monomers carrying func- 
tional groups and wherein the monomers are selected from the group consisting of acrylic 
or Ci-C4-alkylacrylic acid or anhydrides or salts thereof, acrylic or Ci-C4-alkylacrylic 
acid-mono- or -di-Ci-C4-alkylamino-C2-C4-alkyl esters, acrylic or Ci-C4-alkylacrylic 
acid-hydroxy-C2-C4-alkyl esters, acrylic or Ci-C4-alkylacrylic acid-(Ci-C4-alkyl)3Silyloxy. 
C2-C4-alkyl esters, acrylic or Ci-C4-alkylacrylic acid-(Ci-C4-alkyl)3silyl-C2-C4-alkyl esters, 
acrylic or Gi-C4-alkylacrylic acid-heterocyclyl-C2-C4-alkyl esters, Ci-C24-alkoxylated 
poly-C2-C4-alkylene glycol acrylic or Gi-C4-alkylacrylic acid esters, acrylic or Ci-C4-alkyl- 
acrylamideSi acrylicior Gi^C4Valkylacrylmono-'or -di-Gi-G4"alkylamides,^crylic or Gi- 
C4-alkylacryl-di-Gi-GiwalkylaminorG2-Q4Talkylamidesr 

acryl-amino-G2-G4alkylamides. acrylohitrileSmethacrylonitrile;;4-aminostyrene, 
di-Ci-G4^all^larTiinostyrene",winyl\substituted^rheterocycles, st^ acid and salts, 

vinylbenzoeic acid and salts^svinylfomiamiderand^amidosulfonic acid derivatives. 

8. A composition according to claim 1 wherein the polymer blocks A or B or both are reac- 
tion products with reactive polar monomers selected from the group consisting of glycidyl 
acrylic or Ci-G4-alkylacrylic acid esters, 2-isocyanatoethyl acrylic or Gi-C4-alkylacrylic acid 
esters and Ca-Gs-alkyI- or Ga-Ce-alkenyl-dicarboxylic acid anhydrides. 

9. A composition according to claim 1 wherein the dispersible organic pigment particles of 
component b) are selected from the azo pigment group consisting of azo, disazo, napthol, 
benzimidazolone, azocondensation, metal complex, isoindolinone. and isoindoline pig- 
ments, the chinophthalon pigment, dioxazine pigment and the polycyclic pigment group 
consisting of indigo, thioindigo, quinacridones, phthalocyariines, perylenes. perionones, 
anthraquinones, such as aminoanthraquinones or hydroxyanthraquinones, an- 
thrapyrimidines, indanthrones, flavanthrones, pyranthrones, anthantrones. isoviolan- 
thrones. diketoypyrrolopyrrole, and carbazoles. pigments and pearlescent flakes. 

10. A composition according to claim 1 wherein the dispersible inorganic pigment particles of 
component b) are selected from the group consisting of aluminum, aluminum oxide, sili- 
con oxide and silicates, iron(ltl)oxide, chromium(lll)oxide, titanium(IV)oxide. zirco- 
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nium(IV)oxide, zinc oxide, zinc sulfide, zinc phosphate, mixed metal oxide phosphates, 
molybdenum sulfide, cadmiumsulfide, carbon black or graphite, vanadates, chromates, 
and molybdates, and mixtures, crystal forms or modifications thereof. 

1 1 . A composition according to claim 1 which additionally contains binding agents and con- 
ventional additives. 

12. A composition according to claim 1 1 wherein the conventional additives are selected 
from the group consisting of surfactants, stabilizers, anti-foaming agents, dyes, plasticiz- 
ers, thixotropic agents, drying catalysts, anti-skinning agents and leveling agents. 

13. A composition according to claim 1 comprising 

a) 0.1 - 99.9% by weight of a block copolymer (I), wherein In, X, p and q are as defined in 

claim 1 ; 

A represents a polymer block consisting of repeating units of acrylic or methacrylic 
acid-Ci-C24-alkyl esters; 

B represents a polymer block consisting of repeating units of acrylic or methacrylic 
acid-Ci-C24-alkyl esters which are copolymerized with at least 50 % by weight of 
monomers carrying functional groups and wherein the monomers are selected from 
the group consisting of selected from the group consisting of acrylic or methacrylic 
acid or salts thereof, acrylic or methacrylic acid-mono- or 
-di-Ci-C4-alkylamino-C2-C4-alkyl esters, acrylic or methacrylic acid-hydroxy 
-C2-C4-alkyl esters, acrylic or methacrylamide, acrylic or methacrylic-mono- or 
-di-Ci-C4-alkylamides, acrylic or methacryl-amino-C2-C4alkylamides, and vinyl sub- 
stituted heterocycles selected from the group consisting of vinylpyrrolidone, 
vinylimidazole and vinylcarbazole; 

X and y represent numerals greater than zero and define the number of monomer re- 
peating units in A and B; and 

X represents a polymer chain terminal group; and 

b) 0.1 - 99.9 % by weight of dispersible pigment particles. 

14. A pigment dispersion comprising a dispersed phase consisting of 

a) a block copolymer of the formula I, wherein In, A, B, X, x, y, p and q are as defined in 
claim 1 ; and 

b) dispersed pigment particles; 
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and a liquid carrier selected from tlie group consisting of water, organic solvents and 
mixtures thereof. 

15. A process for preparing a composition according to claim 1 , which comprises copolym- 
erizing by atom transfer radical polymerization (ATRP) fragments A and B in the presence 
of polymerization initiator 



wherein In, p and q are as defined in claim 1 , and X represents Halogen and a 
catalytically effective amount of a catalyst activating controlled radical polymerization, 
replacing halogen X with a different polymer chain terminal group X* and adding 
dispersible pigment particles and optionally binder materials, fillers or other conventional 
additives. 

16. A process for preparing a pigment dispersion according to claim 14 which comprises 
dispersing in a liquid carrier.pigment particles in the presence of a block' copolymer of the 
formula 1,'Wherein^I. A, B, X, x, y, pand q are as definedJn claim 1. 

17. Use of the pigment dispersion according to claim 14 for preparing coating compositions, 
prints, images, inks;or lacquers. 




(II). 
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Pigment composition containing ATRP polymers ^^^^ 
Abstract 

The present invention relates to a composition containing ATRP polymers and dispersible 
inorganic or organic pigment particles. The pigment composition is useful for preparing 
coating compositions, prints, images, inks or lacquers and other disperse systems. 



